
1. Basic Theory 

 

Therefore the principle states : Every unobstructed point on a wavefront will act a source of 

secondary spherical waves. The new wavefront is the surface tangent to all the secondary 

spherical waves.  

In this principle we consider not only the phenomenon of interference(the combination of 

two or more waves to form a composite wave based on the superposition principle) but a 

diffraction (the bending of waves as they pass by an object or through an aperture), 

observation of which is of the main interest in our experiment. Diffraction is representing the 

case when we cannot apply the laws of geometric optics while the waves are propagating, 

for example it is not possible to explain why we see the light in the area of the geometrical 



shadow.  This is one of the proofs of the wave nature of the light. Diffraction is always 

observed when in the path of the light beam there are obstacles, such as slits or apertures. In 

this case, the deviation from linear propagation of light is called diffraction. Depending on 

what the experiment displays we can consider two types of diffractions.  

Fraunhofer diffraction is seen in the parallel beam of light with the plane wave front. In this 

case we are assuming that the light source is very far away from the obstacle (the reason of 

the diffraction). Moreover, the screen on which we see the diffraction picture is considered 

to be on the infinite distance from the obstacle.  

In the case of the Fresnel diffraction both the source and the screen are located close to each 

other. And with the increase of these distances Frenel diffraction is starting to have the 

character of the Fraunhofer case. Due to the fact that computations of diffraction patterns 

are easier to make for the Fraunhofer diffraction, the experimental exercises suggested in 

this laboratory work are based on the assumption that the monitored diffraction is the 

diffraction on the parallel light beams. We will use laser as a light source, because it is 

characterize by low divergence, high coherence, high monochromity and intensity. For the 

case of a regular lamp we would need to use lenses. 

 

 



 

 



 

The Diffraction Grating 

A diffraction grating consists of a large number N of slits each of width a and separated from the next 

by a distance d, as shown in Figure 4. 



 

If we assume that the incident light is planar and diffraction spreads the light from each slit over a 

wide angle so that the light from all the slits will interfere with each other. The relative path 

difference between each pair of adjacent slits is δ = d sinθ. If this path difference is equal to an 

integral multiple of wavelengths then all the slits will constructively interfere with each other and a 

bright spot will appear on the screen at an angle θ . Thus, the condition for the principal maxima is 

given by 

d sinθ= mλ, m=0, ±1,±2, ±3 

If the wavelength of the light and the location of the m-order maximum are known, the distance d 

between slits may be readily deduced. And vice versa, one can easily fine the wavelength knowing 

the distance between the slits and the order of the maximum. 

The location of the maxima does not depend on the number of slits, N. However, the maxima 

become sharper and more intense as N is increased. For N slits there are N-1 minima between each 

pair of principal maxima and the width of the maxima can be shown to be inversely proportional to 

N, while the height of each maxima is proportional to N
2
. The chromatic resolving power of a grating 

spectrograph is given by 



 

 



 

 

 



5.2. Tasks to be performed  

Measure the distance r0 along the optical axis from the slit to the arrow marked on the photodiode. 

This value is needed for calculating the angle of deviation tan θ = X/r0, where X is the displacement of 

the photodiode from the optical axis (see Fig. 6 ).  

a) First, for the 0.2 mm single slit, measure the positions of several maxima and minima on both sides 

of the central maximum. The displacement of the photodiode must be perpendicular to the optical 

axis and it is essential to move the diode in small steps to record all of the maxima and minima. You 

should then repeat this exercise using the 0.05 mm slit. For this measurement, since the peaks are 

not sharp enough don’t make too many steps.  

b) Observe the patterns from the double, triple and quadruple slits on a screen placed at a larger 

distance behind the photodiode. Make a drawing of the maxima and minima and describe the 

common features and the differences. Count the number of secondary maxima (for N slits you 

should observe N-2 secondary maxima).  

c) Using the quadruple slit measure the positions and intensities of the principal and secondary 

maxima up to the second visible principal maximum, plus all of the principal maxima. This 

experiment is quite important for your future data analysis, so better to have about 200 points 

measured. 

5.3. Data analysis 

a) Make a table with the positions of the maxima and minima measured in 5.2a and plot the cases for 

two slits together. Compare the effect when one slit being is thinner and explain what we see there. 

Compare the measured intensities of the maxima with the theoretical values from equation 6 for the 

appropriate values of m. I0 corresponds to the intensity of the central maximum. Describe what you 

expect to observe for a wide (a > 1m) and a very narrow (a ~ λ) slits. Frequently circular pinholes are 

used to produce wider laser beams, e.g. for holography.  

b) Make a table with the positions of the maxima and minima measured in 5.2c, calculate the 

corresponding deviation angles θmax and θmin and use these values to calculate the wavelength of the 

laser. Calculate the average value of the wavelength and the standard deviation. Compare the result 

with the expected laser wavelength of 632.8 nm. 

c) The intensity distribution from the 0.05 mm slit should be plotted together with the distribution 

from the quadruple slit with the same slit width in the same figure (similar to Fig. 6). Plot I/I0 against 

d⋅sinθ/λ.  

d) Use the previous Figure to explain what happens when the grating spacing d is twice the slit width 

a. Is this consistent with the theory which predicts N-2 secondary maxima? Indicate on the drawing, 

where you would expect secondary maxima if the slits were much narrower. 


